Observations from the Somov during the US-USSR Weddell Polynya expedition show that the mixed layer below the sea ice just prior to the austral spring retreat in the 60øS Greenwich meridian region has an oxygen content of 7.4 ml/1. This is 86% of full oxygen saturation, representing an oxygen deficit, relative to full saturation, of 1.1 ml/l. The source of this deficit is believed to be a consequence of oxygen-poor (4.5 ml/1) Weddell Deep Water (WDW) entrainment by the winter mixed layer. Assuming effective cutoff of ocean-atmosphere oxygen exchange by the nearly complete snow and sea ice cover with no net impact of oxygen content as a result of biological factors, a mixing ratio of 1:3 for WDW to "beginning of winter" surface water is required to explain the end-of-winter mixed-layer oxygen content.
INTRODUCTION
The joint US-USSR Weddell Polynya expedition aboard the Soviet ship Mikhail Sotnov of the Arctic-Antarctic Research Institute of Leningrad [Gordon and Sarukhanyan, 1982; Gordon, 1982] permitted, for the first time, detailed observations below the Southern Ocean sea ice for investigation of the cumulative winter effects. The CTD (conductivity, temperature, depth) hydrographic stations [Huber et al., 1983] were taken in nearly full ice cover conditions 
in the vicinity of 60øS, just east of the Greenwich meridian (see station map and hydrographic sections in Gordon and Huber [this issue]).
In this study we present evidence of significant winter period transfer of deep water to the surface water mixed layer and estimate the associated rate of upward heat and salt flux.
WINTER VERSUS SUMMER STRATIFICATION
The thermohaline stratification below the sea ice is a simple two-layer structure of a homogeneous cold, relatively fresh, mixes with the saline WDW that is diffused into the mixed layer during the spring melting period (as discussed below).
MIXED LAVER OXYGEN
The oxygen content of the entire mixed layer below the sea ice averages 7.40 (with a +0.1 ml/1 distribution about the mean) or 86% of saturation ( Figure 2 ). This is about 1.1 ml/1 below the full saturation value and is similar to the oxygen levels of' the summer period temperature minimum (Gordon and MolineIll [1982] , see temperature-oxygen relation for the vertical sections, plates 109 and 195). The WDW saturation levels are seasonally invariant near 57% to 60% of full oxygen saturation.
The origin of the mixed-layer oxygen undersaturation is likely due to entrainment of oxygen-poor WDW by the winter mixed layer. The oxygen content can be used to determine the amount of entrained WDW if we assume' (1) oxygen exchange between ocean and atmosphere is effectively blocked by the presence of a more or less complete (greater than 90%) snow and sea ice cover, (2) the net biological production and utilization of oxygen below the sea ice is zero, and (3) the mixed layer immediately prior to the ice cover is at the fleezing point and at full oxygen saturation of 8.54 ml/1. Support for these assumptions is offered below.
1. The sea ice collected in the study region is dominated by frazil ice structure with few brine channels. Thus the gas permeability is expected to be low Chen, 1982] . The depletion in oxygen is probably not due to rapid oxidation of organic matter after the pack ice is formed because the surface water oxygen consumption rate is not large enough to generate a 14% oxygen undersaturation within a period of months [Packard et 
RATES OF DEEP TO SURFACE WATER HEAT FLUX
The potential temperature versus oxygen relationships for all Somov data points (Figure 3a) can be used to determine the ratio of WDW to the surface water characteristic of the period immediately prior to winter ice formation. A one-part WDW (0.5øC and 4.50 ml/1) to three parts surface water (-1.87øC and 8.54 ml/1) blend is required to produce the observed Assuming there is no heat conduction through the sea ice and that leads make up 5% of the area, the average winter heat loss in the leads amounts to about 350 W/m 2. This value is similar to estimates for' Arctic Ocean heat loss within leads [Maykut, 1978] . It is noted that leads, though effective in removing heat, and perhaps freshwater, by evaporation, would not be effective in enhancing oxygen exchange or freshwater input by precipitation. The salinity-oxygen (S/O2) distribution (Figure 3b) shows that the mixed-layer points have a negative slope such that the mixed-layer water with higher salinity has slightly lower oxygen. This relation is expected from the WDW origin of the reduced mixed-layer oxygen.
Calculations of the oxygen consumption rate have frequently been made with the use of the measured apparent oxygen utilizhtion (AOU) value and the estimated age of the water [Jenkins, 1980] . A hidden assumption in the calculation is that the AOU is near zero when the water was last at the surface. Obviously, this assumption needs to be modified for AABW or any water that has a component of the winter Antarctic surface water. Similarly, caution must be exercised when one calculates the age of water or the oceanic circulation rates by using AOU and the independently estimated oxygen consumption rate.
